TITLE OF THE INVENT TON 
BEARING DEVICE 

BACKGROUND OF THE INVENTION 

Field cl£ the Invention 

The present invention relates to a bearing device such 
as a hub unit for a vehicle comprising a shaft and a bearing 
and a rolling bearing mounted to the shaft body. 

Description of the Related Art 

Referring to Fig. 7, in a conventional hub unit/ a double 
row angular contact ball bearing 82 with vertex of contact 
angles outside of bearing is fitted and mounted around a shaft 
portion 81 of a hub wheel 80. A free end of the shaft portion 

81 is bent outward in a radial direction by rolling-caulking. 
The bent caulked portion 85 pushes an outer end face of an inner 
ring 84 of the bearing 82. With this pushing operation, the 
bearing 82 is fixed to the hub wheel 80 to prevent the bearing 

82 from falling out from the hub wheel 80. 

Before the free end of the shaft portion 81 is caulked, 
the free end has a shape of a cylindrical portion. This 
cylindrical portion is rolling-caulked using a caulking jig. 
With this operation, the cylindrical portion of the shaft 
portion 81 is bent outward in the radial direction to form the 
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caulked portion 85 so that the inner ring 84 is prevented from 
falling out. 

In such a hub unit, an entire outer surface of the inner 
ring 84 of the bearing 82 is subjected to hardening treatment. 
Therefore, in order to enhance a resisting force against the 
falling-out phenomenon of the bearing 82, it is necessary to 
set a caulking load stronger. 

On the other hand, if the caulking load is excessively 
strong, a raceway surface of the inner ring 84 is affected and 
there is an adverse possibility that rolling characteristics 
of the bearing 82 is deteriorated. Therefore, it is necessary 
to set the caulking load appropriately. 

SU MMARY OF T HE I N V ENTIO N 

Therefore, it is a main object of 'the present invention 
to provide a bearing device capable of appropriately setting 
a caulking load such that a raceway surface of an inner ring 
is not affected while a falling-out resistance of a bearing can 
be strengthened. 

Other objects, features and advantages of the present 
invention will be apparent from the following description. 

A bearing device of the present invention comprises a 
shaft body and a rolling bearing mounted around the shaft body, 
wherein the shaft body is provided at its free end with a caulked 
portion. The caulked portion is bent outward in a radial 



direction to push an end face of an inner ring of the rolling 
bearing, thereby preventing the rolling bearing from falling 
out. A raceway surface of the inner ring of the rolling bearing 
is subjected to hardening treatment/, and other portion of the 
inner ring is made of raw material which is not hardened. 

According to such a structure, the portion of the inner 
ring of the rolling bearing other than the raceway surface can 
be made of raw material. Therefore, the caulked portion formed 
by the caulking plastically deforms the relatively soft inner 
peripheral corner of the inner ring and as a result, the caulked 
portion and. the end face of the inner ring are adhered to each 
other strongly without adversely affecting the raceway surface 
of the inner ring. 

In the invention, preferably, the inner ring is made of 
high-carbon chromium bearing steel or carbon steel for machine 
structural use as base material, and its raceway surface is 
subjected to hardening treatment by induction hardening. The 
raw material portion of the inner ring is prevented from being 
excessively deformed by a caulking load at the time of caulking 
so that a stable structure can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects as well as advantages of the 
invention will become clear by the following description of 
preferred embodiments of the invention with reference to the 
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accompanying drawings, wherein: 

Fig. 1 is a vertical sectional side view of a hub unit 
before caulking according to a preferred embodiment of the 
present invention; 

Fig. 2 corresponds to Fig. 1 and is a vertical sectional 
side view of the hub unit after caulking; 

Fig. 3 is an explanatory view of rolling caulking with 
respect to the hub unit; 

Fig. 4 is a vertical sectional side view of a hub unit 
according to another preferred embodiment of the invention; 

Fig. 5(A) is a side view of an essential portion of a 
hub unit before caulking according to another preferred 
embodiment of the invention; 

Fig. 5(B) corresponds to Fig. 5(A), and is a side view 
of an essential portion of a hub unit which is being caulked 
according to another preferred embodiment of the invention; 

Fig. 5(C) corresponds to Fig. 5(A), and is a side view 
of an essential portion of a hub unit after caulking according 
to another preferred embodiment of the invention; 

Fig. 6 is an explanatory view for Figs. 5(A) (B) (C) , and 
shows hardness in each peripheral region of an inner ring; and 

Fig. 7 is a vertical sectional side view of a conventional 
hub unit. 

In all these figures, like components are indicated by 



the same numerals. 



DETAILED DESCRIPTION OF THE INVENTION 
Hub units for a vehicle in accordance with preferred 
embodiments of the present invention will be explained with 
reference to the drawings below. 

In a hub unit according to a preferred embodiment of the 
present invention shown in Figs. 1 and 2, a numeral 1 indicates 
a hub wheel as a shaft body, a numeral 2 indicates a double row 
angular contact ball bearing with vertex of contact angles 
outside of bearing, and a numeral 3 indicates a caulked portion . 

The hub wheel 1 includes an annular plate 11 and a shaft 
portion 12 . 

A wheel (not shown) is mounted to the annular plate 11. 

The shaft portion 12 includes an outer peripheral surface 
12b which is continuously formed on the annular plate 11. A 
portion of the outer peripheral surface 12b closer to the 
annular plate 11 is larger in diameter. The annular plate 11 
also includes an outer peripheral surface 12a which is 
continuously formed on the large-diameter outer peripheral 
surface 12b. The outer peripheral surface 12a is smaller than 
the outer peripheral surface 12b in diameter. A free end of 
the shaft portion 12 is formed into a cylindrical portion 12c 
before it is caulked, and after it is caulked, the free end 
becomes the caulked portion 3 for fixing the bearing 2. 



The bearing 2 is fitted around the shaft portion 12 of 
the hub wheel 1 . 

The bearing 2 includes a first inner ring 21 which is 
fitted around the small-diameter outer peripheral surface 12a 
of the shaft portion 12 and which has a single raceway groove, 
a second inner ring which comprises the large-diameter outer 
peripheral surface 12b of the shaft portion 12 of the hub wheel 
1 and which has a single raceway groove, a single outer ring 
22 having double rows of raceway grooves respectively 
corresponding to the raceway grooves of both the inner rings, 
a plurality of balls 23 arranged in two rows between the raceway 
grooves of both the inner rings and the raceway grooves of the 
outer ring 22, and two crown-like retainers 24 and 25 for 
respectively retaining the balls 23 in the rows. 

The outer ring 22 is provided at its outer periphery with 
a flange 2 6 directed outward in the radial direction for 
mounting the hub unit to an axle case (not shown) or the like 
non-rotatably . 

The inner ring 21 of the bearing 2 is made of high-carbon 
chromium bearing steel (JIS specification SUJ-2) or carbon 
steel for machine structural use as base material, and its 
raceway surface 21b out of its outer surface is subjected to 
hardening by induction hardening. Only in Figs.l and 2, the 
hardened portion is shown with cross-hatching. 

As shown in Figs . 5 (A) , 5 (B) , 5 (C) a inner peripheral corner 



21a of the inner ring 21 is roundly chamfered with a radius of 
curvature r. The chamfering shape may be tapered shape. 
However, if the inner peripheral corner 21a is chamfered roundly, 
adhesion of the caulked portion 3 with respect to the chamfering 
is enhanced, and a caulking load is excellently applied. 

The manner for forming the caulked portion 3 will be 
explained with reference to Fig. 3. In Fig. 3, the free end 
side of the shaft portion 12 is shown such that its cylindrical 
portion 12c before it is caulked is shown with a phantom line, 
and the caulked portion 3 after it is caulked is shown with a 
solid line. 

First, the inner ring 21 is press-fitted around the 
small-diameter outer peripheral surface 12a of the shaft 
portion 12 of the hub wheel 1. Then, the cylindrical portion 
12c of the shaft portion 12 is roll-caulked using a caulking 
jig 90. At that time, a tip end of the caulking jig 90 is set 
on the cylindrical portion 12c of the shaft portion 12, and the 
caulking jig 90 is rolled around a perpendicular line M. With 
this operation, the cylindrical portion 12c is bent outward in 
the radial direction to form the caulked portion 3. The inner 
ring 21 is prevented from falling out by means of the caulked 
portion 3. 

As described above, since the raceway surface 21b of the 
inner ring 21 is subjected to the hardening treatment and other 
portion of the inner ring 21 is left as raw material which is 



not hardened. Therefore, the caulked portion 3 formed by the 
caulking plastically deforms the relatively soft inner 
peripheral corner 21a of the inner ring 21 and as a result, the 
caulked portion 3 and the inner peripheral corner 21a are 
adhered to each other strongly. 

Thus, even if the caulking load is not set so strong at 
the time of caulking, a sufficient strength can be secured, and 
distortion is not generated on the raceway surface 21b of the 
inner ring 21 in the caulking process. 

As explained above, the entire outer surface of the inner 
ring 21 against which the caulked portion 3 pushes is not 
hardened, and only the raceway surface 21b of the inner ring 
21 is hardened. Therefore, it is possible to strongly push the 
caulked portion 3 against the inner ring 21 and adhere both of 
them as described above, thereby the falling-out resistant 
force can be enhanced by the caulked portion 3, and reliability 
is enhanced. 

Although the hub unit especially for the driven wheel for 
the vehicle is described as above, a hub unit for a driving wheel 
as shown in Fig. 4 or a guide roller of a slide door such for 
an automobile and other general bearing may be used. In Fig. 
4, a drive shaft 4 is spline-fitted into a hollow portion of 
the hub wheel 1 and connected thereto using a nut 5. 

Another preferred embodiment of the present invention 
applied to the hub unit shown in Fig. 4 will be explained with 
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reference to Figs. 5 and 6. 

The shaft portion 12 of the hub wheel 1 in this hub unit 
is of a hollow structure. A shaft end of the shaft portion 12 
is the cylindrical portion 12c before it is caulked. 

in the inner peripheral corner 21a of the inner ring 21 
of the bearing 2, a point of intersection between a line from 
the center 0 in the radial direction and the inner peripheral 
corner 21a is defined as a chamf ering-starting point 21al - The 
charuf ering-starting point 21al is a bending-starting point when 
the cylindrical portion 12c is bent outward in the radial 
direction. A numeral 21a2 denotes a chamf ering-ending point. 

The cylindrical portion 12c is bent outward in the radial 
direction. The cylindrical portion 12c is bent from 0° as shown 
in Fig. 5(A) to 45° shown in Fig. 5(B), and then bent further 
as shown in Fig. 5(C). 

At that time, when the bending angle is 45° as shown in 
Fig. 5 <B) , a peripheral region 30 of the inner peripheral corner 
21a of the inner ring 21 is set such that a depth HI from a contact 
point B between the cylindrical portion 12c and the inner 
peripheral corner 21a is equal to or greater than the radius 
of curvature r. 

The reason why the depth HI of the peripheral region 30 
is set as above is that a range for effectively absorbing a 
caulking load need be wider than both the chamf ering-starting 
point 21al and the chamf ering-ending point 21a2. 



This peripheral region 30 is a fan-like region having a 
radius HI centered on the contact point B as shown with hatching. 
Vickers hardness Hv in this peripheral region 30 is set 400 or 
less at a surface layer thereof because the distortion 
deformation force applied at the time of caulking is plastically 
absorbed with this hardness. Here, the surface layer is a layer 
located in a depth of about 1 mm from a surface of the peripheral 
region 30. 

The reason why the Vickers hardness of the peripheral 
region 30 is defined at the surface layer is that since the 
hardness may be lowered by induction heating and the hardness 
of the surface of the peripheral region 30 becomes lower than 
that of the inside thereof. 

Here, a reference numeral 31 represents a peripheral 
region of the raceway surface 21b of the inner ring 21. The 
peripheral region 31 is a region shown with cross-hatching and 
has a depth HO in a direction of contact angle from the raceway 
surface 21b of the inner ring 21. The Vickers hardness Hv of 
the peripheral region 31 is 500 or higher, and especially, the 
hardness of the raceway surface 21b is about 800. In this case, 
the depth HO of the peripheral region 31 with respect to a maximum 
shearing stress depth Z0 is H0^8-Z0. 

This will be explained with reference to Fig. 6. A 
vertical axis in Fig. 6 shows the Vickers hardness Hv, and a 
horizontal axis shows the depth of the peripheral regions 30 
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and 31. 

In Fig. 6, a symbol A indicates a graphical position 
corresponding to a depth on the raceway surface 21b in the 
peripheral region 31, zO indicates a graphical position 
corresponding to the maximum shearing stress depth zO, and HO 
indicates a graphical position corresponding to a maximum depth 
of the peripheral region 31 located at a position of 8 times 
or more of the maximum shearing stress depth zO. The Vickers 
hardness Hv in the peripheral region 31 is 500 or more.' 

The reason why the maximum depth HO of the peripheral 
region 31 is set as above is that the life of the rolling bearing 
is affected by shearing stress. The above value of the depth 
HO has been experimentally determined. 

The reason why the Vickers hardness Hv of the peripheral 
region 30 is set 400 or less, and the Vickers hardness Hv of 
the peripheral region 31 is set 500 or greater is that these 
values are necessary in terms of life in the case of the 
peripheral region 31 and in terms of load absorption in the case 
of the peripheral region 30. 

A symbol B indicates a graphical position corresponding 
to a depth on the inner peripheral corner 21a in the peripheral 
region 30, r indicates a position corresponding to a depth of 
radius r from the corner 21a, and HI indicates a position 
corresponding to a maximum depth of the peripheral region 30. 

In order to improve abrasion resistance and strength of 



the raceway surface 21b, such entire inner ring 21 including 
the peripheral regions 30 and 31 is hardened by heat treatment 
such as quenching, and the peripheral region 30 is low-hardened 
by quenching treatment such as local induction heating after 
the heat treatment and thus, the hardness relation shown in Fig. 
6 is obtained. 

According to the above-described structure, in the case 
of the hub unit of the present embodiment shown in Figs. 4 to 
6, the caulking load at the time of caulking of the cylindrical 
portion 12c of the hub wheel 1 is absorbed by plastic deformation 
of. the peripheral region 30 which is low-hardened of the inner 
ring 21 and as a result, distortion is not generated in the 
raceway surface 21b of the inner ring 21 in the caulking process . 

While there has been described what is at present 
considered to be preferred embodiments of this invention, it 
will be understood that various modifications may be made 
therein, and it is intended to cover in the appended claims all 
such modifications as fall within the true spirit and scope of 
this invention. 
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